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SUMMARY
The Scandinavian Mountain Chain (the Scandes) exhibits characteristics that are unusual for
an old, Palaeozoic mountain belt. These include renewed Neogene uplift in a passive margin
setting and the lack of a pronounced crustal root. We investigate the influence of present-day
thermal, compositional and geometric structures in the crust and mantle on the topography of
the southern Scandes and the resulting implications for the tectonic history of Fennoscandia.
A self-consistent 3-D subsurface model of southern Norway and Sweden is constructed
from recent geophysical data sets that constrain the crustal architecture, lithosphere geometry,
density distributions and thermal properties. Recent seismological studies show evidence for
a relatively abrupt transition from seismically slower lithospheric mantle underneath southern
Norway to seismically faster lithospheric mantle underneath southern Sweden.
We find that a transition from thin subcontinental lithospheric mantle (SCLM) underneath
southern Norway to a significantly thicker SCLM beneath southern Sweden can explain this
velocity trend. A difference in composition between the two SCLMdomains (owing to different
depletion/refertilization) is required to satisfy the gravity field and isostatically compensated
topography, but contributes only slightly to the observed velocity contrast. Such a lateral
transition zone, constituting a major change in the lithospheric structure in southwestern
Fennoscandia, can be related to several major Proterozoic and Phanerozoic tectonic events
such as the Sveconorwegian orogeny, the Permian Oslo Rift and perhaps even the opening of
the Atlantic.
Key words: Gravity anomalies and Earth structure; Composition of the mantle; Dynamics of
lithosphere and mantle; Dynamics: gravity and tectonics; Mechanics, theory and modelling.
1 INTRODUCTION
The Scandinavian Mountain Chain (the Scandes) extends along
the western margin of Fennoscandia covering nearly all of Norway
and parts of northern Sweden (Fig. 1a). Between two domains of
relatively high elevation (>500m), termed northern and southern
Scandes, more subdued topography is found in the intermediate
region of central Norway. Themountain chain largely coincideswith
the extent of the Caledonian nappes, the remnants of the Caledonian
orogen (Fig. 1b).
The elevated masses of orogenic belts formed during continent–
continent collision are commonly isostatically supported by a crustal
root. The Moho beneath the Scandes (Fig. 2a), however, does not
exhibit a distinct crustal root but a gradual deepening towards the
Fennoscandian shield in the east (e.g. Kinck et al. 1993; Grad et al.
2009). A local rise of the Moho is observed under the region of
the Oslo Graben, resulting in a small root-like structure under the
southern Scandes (Stratford et al. 2009). In the north, only the
eastwardMoho deepening is observed, but no crustal root is present.
Nevertheless, a Bouguer anomaly low coincides with the elevated
regions (Fig. 2b), indicating a high degree of isostatic compensation
of the topography in the entire area (Balling 1980). The apparent
inconsistency in northern Norway between the lack of a crustal root
and the isostatic compensation is resolved from isostatic modelling
by a high-density lower crustal layer (LCL) that extends east of the
Scandes and thickens with decreasing topography (Ebbing 2007;
Ebbing et al. 2012). Its presence has been seismically documented in
eastern Fennoscandia (Lund 1987; Guggisberg et al. 1991; Korsman
et al. 1999) and under central Norway (England & Ebbing 2012).
Several regional and global tomographic studies indicate a low-
velocity anomaly in the upper mantle under southern Norway
(Husebye et al. 1986; Bannister et al. 1991; Pilidou et al. 2004;
Weidle &Maupin 2008; Schivardi &Morelli 2009), though the res-
olution is often coarse and the anomaly remains poorly constrained.
A recent study of P-wave residuals reveals large differences in seis-
mic velocities across a narrow belt between southern Sweden and
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Lateral transition zone in lithospheric mantle 1359
Figure 1. (a) Topography of western Fennoscandia with indicated division into southern and northern Scandes. (b) Simplified geological map of northern
Europe and geological timescale showing relevant Fennoscandian tectonic events; WGR,Western Gneiss Region; OR, Oslo Rift; TESZ, Trans-European Suture
Zone; TIB, Transscandinavian Igneous Belt (modified after Gorbatchev 2004; Eken et al. 2008).
Figure 2. (a) Moho depth of western Fennoscandia, compiled from Kinck et al. (1993) and Stratford et al. (2009). Whereas a minor crustal root can be
interpreted under southern Norway, a gradual eastward deepening of the Moho is seen for northern Norway. (b) Bouguer anomaly of western Fennoscandia
(Andersen et al. 2010).
southern Norway and Denmark (Fig. 3a, Medhus et al. 2009, 2012).
A similar pattern is seen in S-wave tomography (Wawerzinek et al.
2013). Velocity–depth profiles obtained from inversion of surface
waves dispersion curves (Fig. 3b) confirm a large velocity con-
trast between seismic velocities underneath southern Sweden and
southern Norway and Denmark (Cotte et al. 2002; Maupin 2011).
The above observations show that the simple model of a homoge-
nous crust overlying a uniform mantle is too simplistic to represent
the structure of western Fennoscandia. Lateral variations in struc-
ture and density of the crust and the underlying lithospheric mantle
have large effects on the regional gravity field and the isostatic com-
pensation (Ebbing 2007; Kolstrup et al. 2012). In this part of the
study we employ several new and old geophysical data sets from
southwestern Fennoscandia to constrain a self-consistent 3-D sub-
surface model. We focus in particular on the new models of Moho
depth and seismic mantle velocities (Maupin et al. 2013), as well
as the geological interpretation and implications of the modelled
lithospheric structures.
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1360 S. Gradmann, J. Ebbing and J. Fullea
Figure 3. Results of teleseismic surveys from western Fennoscandia. (a) Regional P-wave tomography at 100–200 km depth. Green line indicates suggested
lithospheric transition zone. From Medhus et al. (2012). (b) S-wave velocity with depth from southern Norway (red curves from Maupin 2011), southern
Sweden (dark blue line from Cotte et al. 2002) and other Archean and Palaeoproterozoic cratons (blue area from Pedersen et al. 2009). Velocity–depth curves
are derived from inversion of surface wave data; different Moho depth estimates lead to different seismic velocities of the subcrustal lithosphere (Maupin 2011).
1.1 Geological background: history of western
Fennoscandia
Fennoscandia constitutes the westernmost part of the East European
craton and encompasses crustal domains of Archean, Proterozoic
and Phanerozoic tectonothermal ages (Fig. 1b). The Archean craton
extends across northern Finland and northern Sweden (Gaal & Gor-
batschev 1987; Lahtinen et al. 2005). The Palaeoproterozoic crust
of southern Finland and Sweden was formed by terrane accretion
and arc magmatism during the Svecofennian orogeny (2.1–1.8Ga
ago, Gorbatschev & Bogdanova 1993; Bingen et al. 2005; Lahti-
nen et al. 2005). At the end of the orogeny (1.86–1.65Ga ago), the
Transscandinavian Igneous Belt (TIB) was emplaced at the edge
of the Svecofennian domain (Patchett et al. 1987; Gorbatschev
& Bogdanova 1993). TIB is a collective term for a ca. 1400 km
long, roughly north–south trending batholith belt, partly covered by
Caledonian rocks. Three age groups have been identified (Larson
& Berglund 1992; A˚ha¨ll & Larson 2000; Gorbatchev 2004) with an
overall westward younging trend. Emplacement mechanisms sug-
gested for the TIB vary from a continent-scale eastward subduction
zone (e.g. A˚ha¨ll & Larson 2000; Lahtinen et al. 2009) to an exten-
sional intracontinental setting (Korja et al. 1993; Anderson 1997).
The terranes of the Sveconorwegian Province (also called South-
west Scandinavian Domain) were formed and modified during one
or multiple orogenic events. During the Gothian orogeny (1.75–
1.55Ga) the terranes of southwestern Sweden, mainly east of the
Oslo Rift, were accreted onto the Svecofennian domain (A˚ha¨ll &
Larson 2000), yet the existence of this orogenic phase is debated
(Andersson et al. 2002). The entire Sveconorwegian region was
reworked during the Sveconorwegian-Grenvillian orogeny (1.14–
0.9Ga, e.g. Gorbatschev & Bogdanova 1993; Bingen et al. 2005),
when additional terranes of today’s southern Norway were ac-
creted. It is not clear whether the Sveconorwegian orogeny accreted
allochthonous terranes or re-organized existing terranes (Bingen
et al. 2008). Strongest deformation occurred in the region around
and to the west of today’s Oslo Graben, diminishing towards the
north.
During the Caledonian orogeny (440–410Ma) collisions with
Laurentia in thewest andAvalonia in the south affected themargin of
Baltica. Allochthonous nappes of the Caledonides are still overlying
the Proterozoic basement in Norway and Sweden, and form the bulk
part of the Scandinavian Mountain Chain (the Scandes). Along
the southern margin of Baltica, orogenic remnants are no longer
present, but crustal and upper-mantle structures reveal a major scar,
the Trans-European Suture Zone (TESZ; Arlitt et al. 1999; Cotte
et al. 2002; Plomerova´ et al. 2002; Shomali et al. 2002, 2006).
The Caledonian Mountains were lowered during orogenic col-
lapse soon after collision and a number of additional extensional
phases followed since. During the Permian, the Oslo Rift formed
as a localized extensional feature with minor magmatic activity.
Widespread extension during the Late Jurassic to Early Creta-
ceous caused substantial thinning of the crust in today’s shelf areas
(Færseth & Lien 2002; Osmundsen et al. 2002; Osmundsen &
Ebbing 2008). Rifting of the pre-thinned crust during the Palaeo-
gene led to the break-up of the Atlantic Ocean and was the last
tectonic event in the western Fennoscandian region.
There are several lines of evidence indicating one or more phases
of post-rift uplift of the Norwegian Margin, encompassing off-
shore unconformities (Japsen et al. 2007), geomorphologic stud-
ies (Lidmar-Bergstro¨m et al. 2000, 2007; Osmundsen & Redfield
2011; Redfield & Osmundsen 2012), and thermochronological data
(Redfield et al. 2005; Japsen et al. 2012). Themechanisms that could
have led to post-rift uplift along the passive margin of Norway are
debated and range from influence of the Iceland plume and mantle
upwelling to intraplate stresses or dynamic topography (Dore´ et al.
2002; Anell et al. 2009; Esedo et al. 2012). An alternative explana-
tion assigns the profound changes in erosion and exhumation history
to climatic conditions and isostatic response, thereby negating any
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tectonic uplift component (Nielsen et al. 2009). With this study,
we aim to improve the constraints on the suggested mantle pro-
cesses by better classifying and understanding the deep lithospheric
structure.
2 INTEGRATED
GEOPHYS ICAL -PETROLOGICAL
MODELL ING
2.1 Method: LitMod3D
In this study,wemodel the lithospheric structure using the integrated
geophysical modelling software LitMod3D (Afonso et al. 2008;
Fullea et al. 2009). LitMod3D integrates geophysical and petrolog-
ical forward modelling of the lithosphere and the sublithospheric
mantle shallower than the transition zone within a self-consistent
thermodynamic framework. By solving the appropriate heat trans-
fer, thermodynamical, rheological, geopotential and isostasy equa-
tions, key physical properties in the mantle (e.g. seismic velocities,
density and electrical conductivity) are determined as a function
of pressure, temperature and bulk composition. We iteratively es-
timate the 3-D density and temperature distributions within the
model domain before computing geophysical observables such as
the geoid, surface heat flow, gravity anomalies, and isostatically
adjusted topography. Our approach generates thermodynamically
self-consistent 3-D subsurface models that can simultaneously ac-
count for a large number of geophysical and petrological observ-
ables, thus significantly reducing the uncertainties associated with
modelling these data sets separately or in pairs. The methodology
and finite-element code for the 2-D version (LitMod) are described
in detail in Afonso et al. (2008), and extension of this methodol-
ogy to 3-D modelling is described in Fullea et al. (2009). Here we
give an overview of the main aspects of the method, strategies and
assumptions involved, in particular those relevant to our study. The
modelling workflow is presented in Fig. 4.
The models comprise crust, lithospheric mantle and sublitho-
spheric mantle down to a depth of 400 km. The lithosphere–
asthenosphere boundary (LAB) separates the outermost, cold and
relatively rigid layer of the Earth (lithosphere) from the warmer
and rheologically weaker sublithospheric or asthenospheric man-
tle. The base of the lithosphere is marked by a change in different
physical parameters and processes, for example, strain rate, heat
transfer mechanism, seismic velocity, electric conductivity, seismic
anisotropy, etc. (Eaton et al. 2009; Fischer et al. 2010; Yuan &
Romanowicz 2010, and references therein). The term ‘lithosphere’
is used in this study primarily as a synonym of the thermal litho-
sphere. The latter is defined as the ‘cold’ outermost layer of the
Earth, in which heat transfer is dominated by conduction (e.g.
Schubert et al. 2001). Hence, in this work we adopt a thermal
definition of the LAB, allowing at the same time compositional
variations within the lithospheric mantle.
The base of the lithosphere is simultaneously defined as the
1315◦C isotherm and a compositional boundary. In the lithosphere,
the temperature distribution is calculated by solving the 3-D steady-
state heat conduction equation using a P-T-dependent thermal con-
ductivity (Afonso et al. 2008; Fullea et al. 2009) and considering
a set of appropriate boundary conditions. In the sublithospheric
mantle the heat transport is dominated by convection and therefore,
the geotherm is assumed to follow here an adiabatic gradient (e.g.
Afonso et al. 2008). A zone in which both convection and con-
duction take place connects the two domains (i.e. the base of the
thermal lithosphere and the adiabatic mantle). This superadiabatic
zone of variable thickness mimics the thermal effect of a rheolog-
ically active layer at the base of the upper thermal boundary layer
in the convecting mantle (Solomatov & Moresi 2000; Zaranek &
Parmentier 2004).
Each crustal layer in LitMod is characterized by its thermal
properties and density. The lithospheric and sublithospheric man-
tle materials are primarily characterized by their distinct major-
element bulk compositions in the CFMAS scheme (CaO–FeO–
MgO–Al2O3–SiO2). Additionally, empirical parameters that con-
trol the pressure and temperature dependency of the thermal con-
ductivity are required. These have been determined in laboratory
experiments (Hofmeister 1999).
Stable mineral phases at given pressure–temperature conditions
in the mantle are calculated using a scheme based on the minimiza-
tion of Gibbs free energy within the major oxide system CFMAS
(Connolly 2005). To avoid the spurious effect of small propor-
tions of extra oxides commonly present in xenolith-derived mantle
Figure 4. Simplified flow chart of LitMod3D.
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1362 S. Gradmann, J. Ebbing and J. Fullea
Table 1. Data sets used to constrain the preliminary model.
Data set Region Reference
Model geometry
Elevation/bathymetry Global Scripps/NOAA data set, Smith & Sandwell (1997)
Basement/sediment thickness Norwegian Margin/global Ebbing & Olesen (2010), NOAA data set, Divins (2012)
Intracrustal layers Southern Norway Stratford et al. (2009)
Moho depth Fennoscandia Compilation, Grad et al. (2009); Kinck et al. (1993); Stratford et al. (2009)
Thickness of lower crustal layer Western Fennosandia Ebbing (2007)
Base lithosphere Fennoscandia Calcagnile (1982)
Geophysical observables
Elevation/bathymetry Global Scripps/NOAA data set Smith & Sandwell (1997)
Bouguer gravity Global DTU2010, Andersen et al. (2010)
Free-air gravity Global DTU2010, Andersen et al. (2010)
Geoid Global EGM08, Pavlis et al. (2008)
compositions (i.e. outside the CFMAS system) we recast the
amounts of the five oxides for them to add up to 100 per cent
prior to computing the Gibbs free energy minimization. The bulk
rock properties are averaged from the stable mineral phases. Seis-
mic velocities in the mantle are determined according to the elastic
moduli of each end-member mineral and the density of the bulk
rock, as described by Connolly & Kerrick (2002).
Geoid and gravity anomalies are calculated by adding the individ-
ual contributions of a number of rectangular, flat-topped prisms of
either constant or linearly varying density (Nagy et al. 2000; Fullea
2008). Gravity anomalies are shifted by a constant value in order to
obtain a best match with the observed data and minimize the resid-
uals. The geoid is corrected with a constant tilt, eliminating long-
wavelength signals. The reader is referred to Fullea et al. (2009)
for more technical details about how these geophysical observables
are computed. The isostatically balanced elevation is based on the
pressure distribution at the base of the model and is calculated with
respect to a reference lithospheric column (Afonso et al. 2008).
Flexural isostasy is obtained by calling an external finite-difference
program (TISC Garcia-Castellanos 2002), which requires the 2-D
load distribution and a representative effective elastic thickness for
the lithosphere. The flexural load is given by pressure variations at
the compensation level.
Seismic anelasticity is considered a posteriori in the calculations
by including attenuation effects on seismic mantle velocities. These
are calculated as a function of grain size d, oscillation period T0,
temperature T, pressure P, activation energy E, activation volume V
and empirical parameters A and α (e.g. Minster & Anderson 1981;
Karato 1993; Afonso et al. 2005)
v = v0(T, P)
[
1 − 1
2
cot
(πα
2
)
Q−1
]
(1)
Q−1s = A
{
T0
d
exp
[−(E + V P)
R T
]}α
(2)
Q−1p =
4
9
Q−1s , (3)
where v and v0 are the attenuated and non-attenuated P- or S-wave
velocities, Qs and Qp are the respective quality factors and R is the
universal gas constant.
2.2 Input data
2.2.1 Geometry
A number of data sets are used to geometrically define the 3-D sub-
surface startingmodel (Table 1).Modifications to this startingmodel
are discussed with the introduction of the models of Fennoscandia
(Section 3).
The topography is taken from the Scripps/NOAA global data set
(Smith & Sandwell 1997). The offshore sedimentary thickness is
derived from the top basement map of Norway and its continen-
tal shelf (Ebbing & Olesen 2010) and extended with the NOAA
global sediment thickness data set (Divins 2012). The internal
crustal structure in southern Norway shows a very uniform lay-
ering with near-constant depth to the top and base of the middle
crust, not following the trend of the Moho depth (Stratford et al.
2009). For simplicity, this layering has been expanded further to the
east and north across the model domain. A thinning of the mid-
dle crust has been introduced towards the offshore regions. Depth
and thickness of the LCL (lower crustal layer) are taken from the
isostasy modelling of Ebbing (2007). Various Moho depth maps
covering northern Europe have been published in the past decades
(Kinck et al. 1993; Grad et al. 2009). Additionally, regional stud-
ies of Moho depths have been conducted for southern Norway
(Svenningsen et al. 2007; Stratford et al. 2009). We use a com-
pilation by Ebbing et al. (2012) of the most recent data sets, which
provide the smallest and best-constrained uncertainties.
The LAB marks a region at the base of the lithosphere where
a number of physical parameters change (rheology, heat trans-
fer mechanism, seismic velocity, electric conductivity, seismic
anisotropy, etc.). The depth of this boundary (or layer) therefore
depends on which physical parameters are mapped and which geo-
physicalmethods are used. Compilations of LABdepths underwest-
ern Fennoscandia comprise teleseismic measurements (Calcagnile
1982; Plomerova´ et al. 2008), heat flow calculations (Artemieva
et al. 2006) and local magnetotelluric measurements (Korja et al.
2008; Jones et al. 2010). The LAB of our starting model stems
from the data set of Calcagnile (1982), but is considered poorly
constrained.
2.2.2 Crustal thermophysical properties
The crustal densities (Table 2) are chosen according to previous
gravity studies and surface rock measurements (Ebbing et al. 2012,
and references therein). The origin of high-density, high-velocity
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Table 2. Modelling properties of crustal material.
Layer Density, ρ Thermal conductivity, k Heat production rate, A
(kgm−3) [W (m K)−1] (µWm−3)
Shallow sediment 2335 2.5 2
Deep sediment 2550 2.5 2
TIB 2700 2.4 2
Upper crust (west) 2750 2.4 2
Upper crust (east) 2800 2.4 2
Middle crust (west) 2850 2.4 0.5
Middle crust (east) 2900 2.4 0.5
Lower crust (west) 2950 2.0 0.4
Lower crust (east) 2990 2.0 0.4
Lower crustal layer (LCL) 3180 2.0 0.4
lowermost crust is debated and explanations range from eclo-
gized crust to subducted oceanic crust and mafic underplating
(Korsman et al. 1999; Cook et al. 2010). Our high LCL model
density (3180 kgm−3) is consistent with an eclogitic nature of the
lower crustal layer but not contradicting other origins. We here take
the view that the modelled LCL mainly reflects the strong density
increase with depth in thick continental crust, but do not propose a
particular origin.
Mantle densities are derived based on the major-element com-
positions, temperature and pressure as described in Section 2.1.
Heat production in the crust decreases with depth, values of 1–
2.7 µWm−3 have been derived from thermal modelling for the
upper crust (Kolstrup et al. 2012), of 0.6–3 µWm−3 from geo-
chemical analysis of surface rocks (Olesen et al. 2007; Slagstad
2008). The values chosen for this study fall into this range of data
(2.0 µWm−3 for sediments and upper crust, 0.5 µWm−3 for middle
and lower crust). Thermal conductivities are described by a value
of 2.5 W (m K)−1 for the upper, 2.0 W (m K)−1 for the lower crust
(Slagstad et al. 2009; Kolstrup et al. 2012).
2.2.3 Mantle composition and thermophysical properties
Mantle composition generally varies with the grade of depletion
and therefore with the age of the lithospheric mantle. As a rule
of thumb, Archean lithospheric mantle has the highest magnesium
and lowest iron content with an average magnesium number of
92.7 (Mg# = 100 × Mg/(Mg + Fe), values in molar per cent) and
lowest bulk densities; Phanerozoic lithospheric mantle has lower
magnesium and higher iron content (Mg# ∼89.9) and higher bulk
densities (e.g.Djomani et al. 2001;Grad et al. 2009).Weuse average
compositions based on the tectono-thermal age of the mantle ter-
ranes (Phanerozoic, Proterozoic and sublithospheric) as compiled
by Afonso et al. (2008; Table 3). The choice of compositions for
the different models is discussed in Section 3.1. The mantle com-
positions are defined in terms of the weight percentages of the five
most abundant oxides (CFMAS system). These oxides are the main
constituents of the most common upper-mantle minerals (olivine,
orthopyroxene, clinopyroxene, spinel, garnet, pyroxene, ringwood-
ite and wadsleyite; Stixrude & Lithgow-Bertelloni 2005). Other
elements constitute only minor parts (ca. 1 per cent) of the bulk
mantle composition, yet their influence can be significant in some
physical properties like seismic velocities and electric conductivi-
ties.
The crust of southern Norway (our main study area) formed dur-
ing the Proterozoic Sveconorwegian orogeny. Archean-type man-
tle is exposed in parts of the Western Gneiss Region in Western
Norway (Beyer et al. 2004). However, multiple tectonic events af-
fected and likely heated and refertilized the lithospheric mantle
during the Phanerozoic (Caledonian orogeny, formation of Oslo
Rift, Late-Mesozoic rifting, opening of the Atlantic). We there-
fore choose a Phanerozoic-type subcontinental lithospheric mantle
(SCLM) composition for our starting model Scand1. We later in-
vestigate a Proterozoic-type composition for the older, Palaeopro-
terozoic areas of the model domain.
The thermophysical properties of the stable mineral assemblages
are calculated using the set of parameters given in Table 3. These
Table 3. Modelling properties of mantle materials. Mantle composition taken from Afonso et al. (2008).
Phanerozoic Proterozoic Sublithospheric
Symbol Unit mantle mantle mantle
Thermal parameters
Heat production rate A µWm−3 0.01 0.001 0.0
Thermal expansion coefficient α 0.31 × 10−4 0.31 × 10−4 0.3 × 10−4
Reference thermal conductivity k0 W (m K)−1 5.3 4.5 0.0
Gru¨neisen parameter γ 125 125 –
Isothermal bulk modulus KT GPa 4.3 4.3 –
KT pressure derivative dKT /dP K0 130 130 –
Composition
SiO2 per cent 44.5 44.6 45.0
Al2O3 per cent 3.5 1.9 4.5
FeO per cent 8.0 7.9 8.1
MgO per cent 39.8 42.6 37.8
CaO per cent 3.1 1.7 3.6
Mg# 89.9 90.6 89.3
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1364 S. Gradmann, J. Ebbing and J. Fullea
empirical parameters refer to the bulk rock for a generic SCLM
rather than to the individual minerals, because the uncertainty of the
controlling parameters yields variations in thermal conductivity that
are of the same order as the compositional dependence. The values
for the two different SCLM bulk compositions used in this study
(Phanerozoic-type and Proterozoic-type) are chosen from the range
of reasonable values such that the differences in seismic velocities
are maximized, which is of importance for this study, as discussed
later.
2.2.4 Geophysical observables
A number of geophysical data sets are used for comparison of the
modelled observables. The geoid is taken from EGM2008 (Pavlis
et al. 2008) with removal of the low-wavelengths of spherical har-
monic order and degree lesser than ten. Bouguer and Free-Air
anomalies are taken from the DTU2010 data set (Andersen et al.
2010). Bouguer reduction densities are 2670 and 1670 kgm−3 for
onshore and offshore areas, respectively.
Regional tomographic data sets often have a too coarse resolution
to resolve the lithospheric structures of southwestern Fennoscandia.
Local tomographic studies have been performed in southern Nor-
way (Medhus et al. 2012; Wawerzinek et al. 2013). Velocity–depth
profiles (Fig. 3b) have been determined for the same area byMaupin
(2011) and for southern Sweden andDenmark byCotte et al. (2002).
A regional heat flow data set of Norway has been compiled by
Slagstad et al. (2009). However, these data are strongly influenced
by local anomalies and can therefore only provide a rough guideline
to the regional modelling and are not specifically considered in this
study.
3 MODELL ING RESULTS
Here we present the results of two different 3-D subsurface models.
The geometry ofmodel Scand1mainly reflects the existing data sets
as described in Section 2. Modifications to this geometry comprise
adjustments to the thickness of the LCL (in onshore and offshore
regions), but are minor. Model Scand2 is a variation of model
Scand1 with primary changes in the composition and thickness
of the lithospheric mantle. Additional differences between the two
models concern the crustal densities and thickness of the LCL, as
described below.
3.1 Model Scand1: prototype
Design of model Scand1
Model Scand1 is mainly built on the existing data sets described
in Section 2. The model domain comprises southern Norway and
southern Sweden up to 65◦N (Figs 5a and b) and is split into 72 ×
72 × 203 cells, yielding a depth resolution of 2 km, a N–S resolu-
tion of ca. 14 km, and an E–W resolution between 12 and 15 km,
depending on latitude.
A vertical cross section at 61◦N (Fig. 5c) shows the sediments,
the three-layered crust, the TIB, the LCL and the lithospheric and
sublithospheric mantle. Uniform crustal layering, as evident from
southern Norway (Stratford et al. 2009), is extrapolated to the ad-
jacent regions. This simplified geometry does not do justice to
the offshore areas, where basement highs, small-scale sedimentary
basins, lower crustal bodies and basalt flows result in locally com-
plex patterns (Olesen et al. 2010). Because the focus of this paper
is the deep lithospheric structure of (mainly onshore) southwest-
ern Fennoscandia and the vertical model resolution is only 2 km,
we retain a simplified offshore crustal structure and fit gravity and
elevation data allowing moderate changes in the sediment thick-
ness and Moho depth. This simplified offshore structure precludes
detailed geodynamic interpretations there. However, including this
first-order structure minimizes any bias due to offshore misfits in
onshore model estimates.
Figure 5. (a) Thickness of lower crustal layer in model Scand1. (b) Depth to lithosphere–asthenosphere boundary (LAB) in model Scand1 (from Calcagnile
1982). (c) Cross section at 61◦N showing the subsurface model geometry and density distribution. TIB, Transscandinavian Igneous Belt; LCL, lower crustal
layer. (d) Temperature of model Scand1 along cross section at 61◦N. (e) S-wave velocity of model Scand1 along cross section at 61◦N showing an overall
velocity increase to the east. (f) Comparison of measured (grey) and modelled (red, blue) velocities of southern Norway and southern Sweden. Locations of
velocity–depth profiles are shown in (e). Modelled velocity differences between these regions are ca. 0.1 km s−1. Velocity differences similar to observed
ones can be obtained with somewhat unrealistic attenuation factors equivalent to very small grain size, d, under Norway paired with infinite grain size (no
attenuation) under Sweden.
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The upper boundary of the high-density lower crustal layer is
modified in order to obtain a best fit with the observed gravity
and elevation data (Fig. 5a). The lower boundary of the LCL (the
Moho) is kept fixed throughout the model area. For model Scand1,
the depth of the LAB is taken from Calcagnile (1982, Fig. 5b). The
lithospheric mantle has a homogenous, Phanerozoic composition.
Results of model Scand1
The calculated isostatically compensated elevation, Bouguer gravity
and geoid agree fairly well with the measured data (Fig. 6). A
belt of positive elevation residuals stretches north–south around
14◦E (Fig. 6g), correlating with the LAB depth used in the model
(Fig. 5b). Without modifyingMoho or LAB depth, we were not able
to eliminate this residual, which is a first indicator that the used input
data sets do not represent the deep lithospheric structures correctly.
Differences in elevation are generally <150m in the onshore areas,
slightly larger residuals remain offshore (Fig. 6g). Differences in
gravity are less than 15mGal and differences in geoid height less
than 1.5m.
An E–W cross section of seismic velocities of the lithospheric
and sublithospheric mantle shows an overall increase towards the
east, mimicking the density and temperature trend (Figs 5c–e). This
is a direct effect of the lithosphere thickness: the deeper the 1315◦C
isotherm, the colder the lithospheric mantle, the higher the seismic
velocities. A comparison to velocity–depth profiles from southern
Figure 6. Isostatically compensated elevation, Bouguer gravity and geoid (degree and order n ≥ 11) of southwestern Fennoscandia (a–c) and from model
Scand1 (d–f). Panels (g–i) show the respective residuals (difference between modelled and observed values).
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Figure 7. (a) Thickness of lower crustal layer in model Scand2. (b) Depth to lithosphere–asthenosphere boundary (LAB) in model Scand2. (c) Cross section
at 61◦N showing the subsurface model geometry and density distribution. Difference to model Scand1 are the depth of the LAB, the Proterozoic composition
of the eastern subcontinental lithospheric mantle (SCLM) and higher densities in the eastern crust. TIB, Transscandinavian Igneous Belt; LCL, lower crustal
layer. (d) Temperature of model Scand2 along cross section at 61◦N. (e) S-wave velocity of model Scand2 along cross section at 61◦N showing an overall
velocity increase to the east. (f) Comparison of measured (grey) and modelled (red, blue) velocities of southern Norway and southern Sweden. Calculations
with Phanerozoic mantle composition of the thick, eastern lithosphere indicate that compositional differences only lead to minor velocity changes.
Norway and southern Sweden (Fig. 5f, solid lines) shows that mod-
elled velocity differences between these two regions are less than
0.1 km s−1 and thus substantially smaller than the >0.2 km s−1
velocity difference observed in seismological data (Fig. 3b).
One explanation for this larger velocity difference could be differ-
ent attenuation in both regions. Among the different factors that in-
fluence attenuation (pressure, temperature, oscillation period, etc.),
grain size is the one that may vary strongest among different litho-
spheric regions and thus provides the largest net effects. Tests with
different attenuation factors (Fig. 5f, dashed lines) show that only a
relatively small grain size of 1mm under southern Norway paired
with an infinite grain size under southern Sweden (equivalent to
no attenuation) can lead to velocity differences similar to those ob-
served. These values are nevertheless unrealistic and furthermore,
the absolute velocity values do not match the observed ones. Model
Scand1 is thus not capable of explaining the lithospheric velocity
structure, although it fits the elevation and gravity data.
3.2 Model Scand2: lithospheric step
Design of model Scand2
In order to model high seismic velocities such as observed under
southern Sweden (Cotte et al. 2002; Maupin et al. 2013), the LAB
(1315◦C isotherm) of model Scand2 is significantly deepened to ca.
200 km under Palaeoproterozoic southern Sweden (Fig. 7b). Fur-
thermore, the thermophysical parameters are varied slightly within
the range of empirical values to yield a yet colder SCLM. In addition
to the thermal thickness of the SCLM, its composition is also mod-
ified to match Proterozoic-type SCLM (Table 3). A thicker, colder
lithosphere reduces the buoyancy in comparison to the thinner litho-
sphere of model Scand1. A more depleted mantle composition,
which yields lower average densities, is necessary to counteract this
effect. Slightly higher crustal densities are chosen for the Palaeo-
proterozoic domains (Fig. 7c and Table 2). LCL thickness is again
modified in order to best fit the observed gravity and elevation data
(Fig. 7a).
We refer to the change from thinner,more fertile SCLM to thicker,
colder andmore depleted SCLMas a lateral transition zone (Fig. 7c).
It is not to be confused with the (vertical) mantle transition zone at
410 km depth.
Results of model Scand2
The isostatically compensated elevation, Bouguer gravity and geoid
heights by which model Scand2 is constrained, are shown in Fig. 8.
The peak amplitudes of the residuals are identical to those for model
Scand1(Figs 8g–i). However, we observe a spatially better fit to data
compared to model Scand1, with the residuals no longer correlating
with the LAB depth.
The cross section of seismic velocities (Fig. 7e) shows, as ex-
pected, a much larger increase of seismic velocities and decrease
of temperatures towards the east than in model Scand1. Temper-
atures in the SCLM are up to 300◦C different between the two
models. The comparison of velocity–depth profiles to the observed
velocities (Fig. 7f) shows a much better fit, both with respect to the
difference between velocities under southern Norway and Sweden
and with respect to the absolute values.
A model similar to model Scand2, but with Phanerozoic man-
tle composition yet without renewed adjustment of geometry and
densities, yields only a marginally lower seismic velocity (Fig. 7f,
medium blue line). This demonstrates that the mantle composition
does not have a large effect on seismic velocities in these models,
where only five major elements are considered and that the large
velocity differences between model Scand1 and Scand2 are almost
exclusively temperature effects.
4 D ISCUSS ION
Both models Scand1 and Scand2 yield similar topography and
gravity signals but differ fundamentally in the velocity structure
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Figure 8. Isostatically compensated elevation, Bouguer gravity and geoid (degree and order n ≥ 11) of southwestern Fennoscandia (a–c) and from model
Scand2 (d–f). Grey line marks the location of the lateral lithospheric transition zone. Panels (g–i) show the difference between the modelled and the observed
values.
of the uppermost mantle. We here discuss these differences with
respect to the measured seismic velocities and with respect to the
region’s tectonic history.
4.1 The velocity structure
The models of Section 3 demonstrate that an abrupt change in
lithosphere depth and hence in temperature towards Sweden can
explain the observed lateral velocity changes. The velocity struc-
ture with depth is, however, not properly reproduced by the models.
Although the calculated absolute and relative velocities in depth of
100–150 km fit quite well with the measured data, large discrepan-
cies remain between the calculated and measured velocities of the
shallow sublithospheric and shallow lithospheric mantle of southern
Norway, as well as for the overall velocity trend in the lithospheric
mantle under southern Sweden.
Fig. 3 shows that the Moho depth assumed for the inversion
from surface wave data significantly affects the sub-Moho veloci-
ties. However, in our forward model, very high sub-Moho velocities
are calculated independently of Moho depths (see Figs 5e and f).
The forward calculated velocities are based on a model which as-
sumes thermal equilibrium and no compositional layering of the
mantle (hence no additional changes in elastic moduli and thermal
properties), and is therefore oversimplified.
We need to conclude that our models cannot properly repro-
duce the actual velocity–depth profiles. However, where the velocity
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differences between domains of different lithosphere thickness are
largest (120–150 km depth), the agreement of modelled and mea-
sured velocities is acceptable. We consider it therefore justified to
use the seismic velocities at this depth to constrain the LAB depth of
the subsurface model. Its position is thus relatively well constrained
in central Norway and southwestern Sweden, but much more poorly
in the continuation to the north and south. In the overall picture,
however, model Scand2 provides a reasonably good fit to the seis-
mic velocity data from cratonic areas as well as to the topography
and gravity signal. As discussed above, first-order compositional
differences and changes in grain size have a comparatively small
effect on the seismic velocities of the modelled SCLM and thus
can explain only a small part of the velocity difference. However,
only five major oxides are considered in the models (i.e. CFMAS
system) and additional oxides may change the seismic velocity gra-
dient. For example, chromium oxide strongly affects the depth of
the spinel-garnet phase change and thus the velocities below 50 km
(Klemme 2004; Lebedev et al. 2009), in particular in cratons with
relatively Cr-rich compositions. Compositional differences also im-
plicate changes in thermal properties, which can in extreme cases
lead to velocity differences of up to 2.5 per cent (Hieronymus &
Goes 2010). In the models, the thermophysical properties of the
SCLMs are already adjusted to minimize temperature in the Pro-
terozoic mantle, and hence maximize the seismic velocities. High
water content, which is considered to decrease seismic velocities
significantly (Popp & Kern 1993; Karato & Jung 1998), is com-
monly only found above subduction zones—a setting that has not
been present in our study area for approximately one billion years.
Temperature variations may stem from thermal anomalies in ad-
dition to the modelled differences in tectonothermal age and litho-
sphere thickness. An anomalously hot mantle under southern Nor-
way has been proposed previously, either as the result of a finger of
hot mantle from Iceland (Weidle & Maupin 2008) or in combina-
tion with a sublithospheric diapir (Rohrman & van der Beek 1996).
The latter interpretation has often been debated and recently been
rejected (e.g. Pascal & Olesen 2009). The hypotheses of an anoma-
lously hot Norwegian mantle could indeed explain large velocity
differences, but would result in absolute velocities much lower than
the observed ones. Furthermore, very thin lithosphere under south-
ern Norway is not consistent with the low to moderate heat flow
values measured here (Slagstad et al. 2009).
4.2 A major suture zone beneath southern Norway
and Sweden?
The models of Section 3 favour an abrupt change in litho-
sphere thickness between southern Norway and southern Sweden,
which is also consistent with earlier regional seismological studies
(Plomerova´ et al. 2001, 2008). Several other instances of relatively
abrupt changes in the LAB structure have been revealed in the last
decade by high-resolution geophysical imaging of the uppermost
mantle (Cotte et al. 2002; Babusˇka & Plomerova´ 2004; Petit &
De´verche`re 2006; Medhus et al. 2009, 2012). These observations
are independent of whether the LAB is mapped as a seismic, ther-
mal or compositional boundary, and have mainly been interpreted
as changes in lithosphere thickness. The best-studied example of a
lithospheric step is the Trans-European Suture Zone, the southern
edge of the Baltic Shield (Fig. 1b). From northern Germany into
Sweden, an increase in lithospheric thickness from less than 100 km
to nearly 200 km has been documented (Cotte et al. 2002; Shomali
et al. 2002; Babusˇka & Plomerova´ 2004). The origin of this struc-
ture is related to its role as a suture zone between Proterozoic Baltica
and Phanerozoic Europe, and represents a feature that has been in-
volved in multiple Phanerozoic events. If the proposed lithospheric
step beneath southern Norway and Sweden was to mark a similar
juxtaposition of two very different lithospheric mantle domains, it
would equally represent an old, but very significant suture zone.
The longevity of abrupt thickness changes of the lithosphere
is puzzling, because both convective erosion and diffusion of the
lateral temperature gradient would tend to smooth out the step.
However, one possibility supported by geodynamicmodelling is that
lithospheric steps can survive for several hundreds of millions of
years if a large viscosity contrast exists between the lithospheric and
sublithospheric mantle, which could be attributed to compositional
differences (Hieronymus et al. 2007).
The proposed lithospheric step or mantle boundary coincides
largely with the location of the Oslo Graben (ca. 300Ma), the loca-
tion of the main deformation during the Sveconorwegian orogeny
(0.9–1.1Ga), the approximate location of the TIB in the northern
part of themodel domain (1.7Ga) and the westward pinch-out of the
LCL. The enormous time span that is bridged by these geological
features can hardly be explained by a single process, but can indicate
that major lithospheric structures are reactivated during subsequent
geological processes or, even more, that they may serve as nuclei
for renewed tectonic deformation.
A very interesting instance of this phenomenon has been demon-
strated by numerical thermomechanical modelling of the defor-
mation and temperature evolution during the Permian extension in
southwestern Fennoscandia (Pascal et al. 2004). In this region of the
Oslo Rift, field observations document substantial but very local-
ized deformation andmagmatism (Neumann et al. 1992). The study
concludes that a pre-existing step in the lithosphere of several tens
of kilometres was required to focus deformation west of the Oslo
Rift. Steps of less than 50 km can indeed localize thermal anoma-
lies (Pascal et al. 2002) but either lead to significant thinning of the
eastern (thicker) domain or yield very wide-spread deformation,
both inconsistent with observations of magmatism and geological
structures (Pascal et al. 2004).
Such a step-like featuremust accordingly have existed prior to the
Permian formation of theOslo Rift. Themain part of the Caledonian
orogeny occurred west of the Oslo Rift and is therefore considered
unlikely to have created such a step-like structure in the lithosphere.
The proposed feature is, however, consistent with several charac-
teristics of the Sveconorwegian orogeny. The growth of Baltica by
the accretion of the southern Norwegian terranes occurred during
the late Meso- and early Neoproterozoic along the zone that later
hosted the Oslo Rift. However, the eastern front of the Sveconor-
wegian deformation is not marked by the Oslo Rift but further to
the east by the Mylonite Zone in southern Sweden, which is also
considered an older terrane boundary (A˚ha¨ll & Larson 2000), dis-
tinguishing the Palaeoproterozoic TIB and the Idefjorden terrane
of Gothian age (1.64–1.52Ga). Magmatic activity and ductile de-
formation was more abundant and long-lived in the western part of
the Sveconorwegian domain suggesting that this area was relatively
warm (e.g. owing to a thinner lithosphere). It is not resolvedwhether
the Sveconorwegian orogeny marks the accretion of allochthonous
terranes onto Baltica or a redistribution of the Baltic crust. The sec-
ond interpretation is not consistent with a western lithosphere that
was thin prior to or thinning during the Sveconorwegian orogeny.
Only north of the Oslo Rift is the lateral transition zone located
at the edge of the Svecofennian domain, which is generally marked
by the TIB. Its different location in the southern part of the model
domain may be a consequence of the multiple tectonic events that
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affected the region. Neither the Sveconorwegian orogeny nor the
earlier tectonic events (e.g. Gothian orogeny) are currently satis-
factorily understood (A˚ha¨ll & Larson 2000; Andersson et al. 2002;
Slagstad et al. 2013). Nevertheless, a variety of evidence from ge-
ological observations point towards a long-lived suture zone at the
western edge of the Baltic shield (proximity of the edge of the
Svecofennian domain, the TIB as the product of a major subduc-
tion zone, the main deformation of the Sveconorwegian orogeny
and location of the Oslo Rift). Such a suture would not only show
a geological near-surface expression but would include significant
variations in physical properties with depth. Hence, such a mantle
boundary may be located or distributed over a different area than
the geological boundary at the surface. In the following section we
discuss the potential effects of such a major SCLM suture zone on
geophysical observables, and the implications for the western edge
of the Baltic Shield.
4.3 Effects of laterally varying mantle characteristics
Lateral changes of SCLM properties in model Scand2 (Section 3.2)
affect not only seismic velocities, but also the gravity field and the
isostatic compensation. These effects are difficult to address in the
complexmodels shown in Section 3, as they are additionally affected
by changes in Moho depth and LCL thickness. We therefore show
simplified, laterally uniform (quasi-2D) models with a homogenous
crust in order to quantify the effects of lateral variation of the
different SCLM parameters.
Synthetic models
All of the four synthetic models shown in Fig. 9 (named Syn*) com-
prise a uniformly thick crust of 35 km underlain by a sublithospheric
mantle with a step-like increase in thickness from 65 to 115 km.
This step is either smooth (-sm) or sharp (-sh), paired with ei-
ther only Phanerozoic (-PhPh) or Phanerozoic-Proterozoic SCLM
(-PhPr). The combination of step smoothness and mantle com-
position results in four end member models: Syn-sm-PhPh, Syn-
sh-PhPh, Syn-sm-PhPrand Syn-sh-PhPr. The remaining model
parameters are as those of models Scand1 and Scand2 and as listed
in Tables 2 and 3.
Models Syn-sm-PhPh and Syn-sh-PhPh with uniform litho-
spheric mantle composition (Figs 9c and g) show a shift in the
regional gravity signal and the isostatically balanced topography
across the lithospheric step (light grey lines in Figs 9a, b, e and f).
This is a simple effect of the mass difference between the warmer
and lighter thin lithosphere and the colder and denser thicker litho-
sphere. These large regional shift (150mGal, 1500m) are in nature
generally counterbalanced by changes in crustal thickness. In the
case of southwestern Fennoscandia, an eastward deepening Moho
and thickening LCL are concurrent with the deepening of the LAB.
Models Syn-sm-PhPr and Syn-sh-PhPr with laterally varying
lithospheric composition (Figs 9d and h) show smaller changes of
background levels of the Bouguer anomaly and isostatically com-
pensated topography (40mGal and ca. 400m, respectively). This
indicates that long-wavelength gravity signals (e.g. 20mGal for
Fennoscandia) can be rooted in the uppermost mantle. The synthetic
models furthermore reveal additional extrema above the lithospheric
step (dark grey lines in Figs 9a, b, e and f). A gravity low of up to
45mGal in model Syn-sm-PhPr extends over ca. 250 km (width at
half maximum), the one of up to 30mGal in model Syn-sh-PhPr
over ca. 150 km (width at half maximum). Elevation highs of similar
widths and amplitudes of up to 450m are seen in both models.
These extrema result from the interplay of compositional (de-
pleted versus fertile) and thermal effects (thick versus thin litho-
sphere) on the SCLMbulk density. From left to right in the synthetic
models, the change of SCLM composition leads first to a decrease
in mass and increase in buoyancy, then the deepening of the LAB
leads to a respective mass increase and buoyancy decrease. The
width of the lithospheric step mainly controls the width of these ex-
trema and, to a lesser degree, their amplitude. Different boundaries
between the mantle types, which have been observed with seismic
methods (e.g. Babusˇka & Plomerova´ 2006), have been tested. A
very abrupt as well as a very gradual change in composition and
Figure 9. Left-hand side: (a, b) results and (c, d) design of synthetic models Syn-sm-PhPh and Syn-sm-PhPr with smooth lithospheric step. Right-hand side:
(e, f) results and (g, h) design of synthetic models Syn-sh-PhPh and Syn-sh-PhPr with sharp lithospheric step.
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thickness are expected to result in very small or no extrema. The
geometry used in models Syn-sm-PhPr and Syn-sh-PhPr likely
yield maximum values for the gravity low and elevation high.
Implications for Fennoscandia
The models shown here have demonstrated that adjoining litho-
spheres of different composition and thickness not only lead to
different seismic velocities across the lateral transition zone but
potentially also to gravity lows and topographic highs that trace it.
The velocity differences have been well documented in southern
Norway and Sweden (Maupin 2011; Medhus et al. 2012; Maupin
et al. 2013), and we suggest here that further evidence for SCLM
juxtaposition can be found in the remaining domains of western
Fennoscandia.
The long gravity low and topographic high that extend from
southern to northern Norway have commonly been separated into
the regions of the southern and northern Scandes (Fig. 1a). When
considering the different tectonothermal domains of Fennoscandia,
in particular the western edge of the Svecofennian domain and
the location of the TIB as interpreted from magnetic anomalies
(Olesen et al. 2010), both gravity and elevation anomalies can be
interpreted as forming a long, extended belt to the east in contrast
to the more rounded shape of the high topography of southern
Norway (Figs 10a and b). The topography in the eastern belt is
especially low in the region of the Oslo Graben as well as in Mid-
Norway. The regions of highest topography and lowest gravity lie
in northern Norway; they overlap but do not exactly coincide. We
have not yet extended our models to the north, but like to suggest
here that the high topography of central and northern Norway may
mark adjoining domains of different lithospheric mantles, which,
among other things, would contribute to the isostatic support of the
high topography. This implies that the edge of a thick, cold cratonic
lithosphere would currently be located in the vicinity of the northern
Norwegian margin. If adjoining mantle types results in elevated
topography, it implies that this topography could have been created
at the time the mantles were juxtaposed. It is challenging to argue
either for or against this statement, because a palaeotopography of
the order of a few hundred metres is difficult to detect. However,
it is commonly assumed that the northern Norwegian mountains
experience significant uplift long after the Palaeocene rifting (e.g.
Dore´ et al. 2002; Anell et al. 2009), and we therefore do not think
that the much older mantle structures discussed in this paper are
directly contributing to this uplift.
The absence of high topography towards the Oslo Rift, where
the lithospheric step is nevertheless best documented, may be a
result of the abruptness of the SCLM changes (both thermal and
compositional) as well as of the later rifting processes, responsible
for the associated thinning of the crust and SCLM.
The possible juxtaposition of different SCLM in Fennoscandia
raises the interesting questionwhether the Atlantic break-up defined
this cratonic edge or whether the cratonic edge defined the position
of the margin (and possibly of the earlier tectonic events such as the
Figure 10. Proposed division of gravity anomalies and topographic structures shown on (a) Bouguer gravity map and (b) topography from southwestern
Fennoscandia. The grey line indicates the edge of the Svecofennian domain and largely coincides with the elongate region of high topography and low gravity.
The round region of high topography and low gravity coincides with the Sveconorwegian domain.
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Caledonian orogeny). These are questions that still remain unan-
swered and call for further investigations.
5 CONCLUS IONS
We have performed integrated geophysical-petrological modelling
of the southwestern Fennoscandian lithospheric structure testing
different SCLM thicknesses and bulk compositions against ob-
served seismic velocities, gravity anomalies and topography. It is
confirmed that the high topography can be isostatically compen-
sated in absence of a crustal root by considering lateral changes
in the lower crustal structure and lithosphere thickness. A step-like
increase in lithosphere thickness from southern Norway towards
Sweden is inferred from the observed seismic velocities. This is
accompanied by a change towards a more depleted mantle com-
position, which is required by the gravity field and isostatic com-
pensation. This lateral transition zone roughly follows the edge of
the Svecofennian domain in southwestern Fennoscandia, separat-
ing Meso- to Neo-Proterozoic and Palaeo-Proterozoic tectonother-
mal domains. We propose that this edge of the Baltic craton is a
long-lived feature that has been involved and perhaps been guiding
multiple subsequent tectonic events. A lateral transition between
Phanerozoic-type and Proterozoic-type SCLM may result in a to-
pographic high and a gravity low. We hypothesize that these are
effects similar to those observed along a north–south axis along the
Norwegian-Swedish border, marking the edge of the Fennoscandian
domain.
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